A novel sequential-injection system was developed for determination of iodide at very low concentrations by using a kinetic method. The method is based on the catalytic effect of iodide on the redox reaction between Ce 4+ and As 3+ first described by Sandell and Kolthoff. The calibration curve is constructed by measuring the decrease of Ce 
S equential-injection analysis (SIA) was first described by Ruzicka and coworkers (1) (2) (3) (4) (5) in 1990. This technique offers several advantages and disadvantages relative to flow-injection analysis (FIA; 6).
In SIA, the reagent and samples are aspirated sequentially with the aid of a burette, and the mixture is subsequently impelled toward the detector. In both FIA and SIA, the different compounds are mixed by dispersion. One of the most important advantages of SIA with regard to other techniques such as FIA is versatility, because with a single configuration it can be applied to several analytical methods, by changing only the program that governs the system. On the other hand, in SIA the volumes of sample and reagent are considerably smaller, because the sample is aspirated in a controlled way rather than continuously as in FIA.
SIA was used in the present procedure for iodide determination by the reaction between Ce(IV) and As(III), in which iodide acts as the catalyst.
Various methods have been proposed for iodide determination, including those using manual (7, 8) , chromatographic (9) , and automatic (10) procedures. In addition, several systems based on FIA have been previously described (11) (12) (13) (14) (15) (16) (17) (18) ; however, only 1 SIA system has appeared in the literature to date (19) .
Iodide determination by means of a catalytic reaction has been described by several researchers. One of the most widely used catalytic reactions for this determination is that which occurs between As(III) and Ce(IV) in the presence of traces of iodide, first described by Sandell and Kolthoff (20) . This reaction is considerably complex (21) , and the proposed mechanism is the following:
(1) I -+ Ce(IV) à Ce(III) + I Another widely used reaction involves pyrocathecol violet (16) . Determinations based on the reaction between p-aminophenol and H 2 O 2 in the presence of iodide have also been reported (14) . Finally, the reaction between the IO 3 − ion and (2-[3,5-dibromo-2-pyridylazo]-5-diethylamino-phenol; 11) should be considered. However, an important disadvantage of these catalytic reactions is that spectrophotometric detection should be performed at a fixed time; therefore, manual methods are somewhat inadequate in spite of their very low detection limits. Although SIA methodology is a "closed" system, it is an example of a safe technique.
The present paper describes the development of a novel SIA system for iodide determination by the reaction which occurs between As(III) and Ce(IV) in the presence of catalytic amounts of iodide.
Experimental

Reagents
All reagents were analytical grade and were used without further purification. Solutions were prepared with Milli-Q-purified water.
(a) Preparation of 1.9´10 -2 M As(III) solutions.-Dissolve 1.281 g NaAsO 2 (Probus, Badalona, Barcelona, Spain) and 10 mL 96% H 2 SO 4 (Panreac, Moncada i Reixac, Barcelona, Spain) in 500 mL water. 
Description of Sequential-Injection System
The sequential-injection system is shown in Figure 1 . To aspirate and impel the sample, an automatic burette (Crison, Alella, Barcelona, Spain) equipped with a 5 mL syringe was used together with an 8-port valve module (Crison) and a 16-position autosampler (Crison). The holding coil was 3 m (1.5 mm id), and the polytetrafluoroethylene reaction coil was 0.5 m (0.8 mm id). The carrier solution was 0.17M sulfuric acid.
For spectrophotometric detection a diode-array spectrophotometer HP-8452A (Hewlett-Packard, Palo Alto, CA) equipped with a flow-though cell (Hellma Cells, Inc., Jamaica, NY) having a 1 cm light path and 18 µL inner volume was used. The reaction coil was immersed in a thermostatic bath (Selecta) at 45°C. Absorbance variations were detected at 410 nm. To correct absorbance fluctuations due to refraction index variations, the absorbance value at 800 nm was deducted, because at that particular wavelength the absorbance of the Ce(IV) compound is negligible. For data acquisition, a 166MMX Pentium personal computer equipped with AUTOANALYSIS software developed by our research group was used. (E-mail requests for the program should be sent to AEST@p01.uib.es.) This software controls the burette, valve module, autosampler, spectrophotometer, and collection and treatment of experimental data.
Procedure
In the SIA manifold shown in Figure 1 , channel 1 corresponding to the selection valve is used to aspirate Ce(IV); channel 2, to aspirate As(III); channel 4, to aspirate the sample (or standard); and channel 8, for waste. The remaining channels are not used. The burette is connected to the valve module via the RS232 Crison channel. The program used to carry out the determinations is shown in Table 1 aspirating a small quantity of Ce 4+ solution to improve the mixing of the 2 external solutions (sample and arsenite solutions); and, finally, aspirating the sample solution. This process is followed by a waiting time of 30 s at 45°C and spectrofluorimetric detection at 410 nm.
Results and Discussion
Reagent Concentration
The effect of the concentrations of the reagents Ce(IV), As(III), and H 2 SO 4 on the carrier was studied.
To determine the influence of the As(III) concentration, various solutions were used, and the behavior of the relationship between the signal obtained for a blank and that obtained for a standard solution containing iodide at 50 µg/L (Figure 2 ) was studied. A similar study was carried out with Ce(IV). The plot in Figure 2 shows the results obtained. The optimal concentrations were 1.9 × 10 -2 M and 7.6 × 10 -3 M for solutions of As(III) and Ce(IV), respectively.
The effect of mixing of 2 liquids of different densities, and thus different refraction indexes is considerable interference in the spectrophotometric determination. To minimize this effect, various concentrations of H 2 SO 4 were tested as the carrier solution. A solution of 0.17M H 2 SO 4 was found to be sufficient because it did not affect the determination significantly. 
Sequence of Reagents and Sample Aspiration
In the proposed system, 3 liquid segments are to be mixed: 2 reagents and the sample solution. Various configurations were assessed. The best results were obtained when As (400 µL) was aspirated first, Ce (100 µL) second, and finally the sample solution (400 µL).
Optimization of Reagent Volume
Various volumes corresponding to the reagents' optimal concentrations discussed above were assessed.
For volume optimization, 100 µL was taken in such a way that when the signals corresponding to the blank (maximum signal) were obtained, the value of 1 AU was not surpassed. It was considered that a better mixture was obtained when the volumes were 100 µL Ce solution, 400 µL As solution, and 400 µL sample solution. Thus, a higher reaction grade, i.e., a greater decrease in absorbance due to Ce, was achieved.
Elapsed Time
Elapsed times of 0-5 min before absorbance measurement were also studied. For longer elapsed times, the reaction time was greater. For our procedure, 30 s was chosen as a compromise based on sensitivity and sample frequency. Should lower detection limits be required, this elapsed time could be increased.
Temperature
Temperature strongly affects the rate of the reaction between Ce(IV) and As(III) (20) . The progressive decrease in the peak height corresponding to a standard of 20 µg/L was studied at temperatures ranging from 22 to 60°C. The rate of the reaction increased exponentially with temperature; however, a compromise based on sensitivity and the progressive increase in the noise of the SIA-grams was reached. For our procedure, 45°C was chosen as the working temperature; however, should this temperature be increased, sensitivity would in turn increase considerably (Figure 3, left axis) .
It should be noted that when temperature is increased, the absorbance of the Ce(IV) ion in the region of 410 nm is also increased (Figure 3, right axis) , and thus the increase in sensitivity would not be as large as expected. To avoid this situation, measurements of the blank and the 20 µg/L standard solution were made, and the relationship between the signals obtained for the blank and the standard solution was plotted.
Interferences
The most relevant interferences ( Table 2 ) that may appear in this catalytic reaction are of 2 types: halides (fluoride, chloride, and bromide) which form complexes with Ce(IV), thereby diminishing absorbance in the region of 410 nm, and metals which form complexes or insolubulize iodide (Ag + and Hg
2+
). Other interfering species are very rare and seldom present in real samples (SCN -and hydrazine). Species such as ascorbic acid or glucose are present in some medicaments; however, they are easily eliminated by pretreatment of the sample.
Calibration Curve and Repeatability
A calibration curve is constructed by plotting peak height versus iodide concentration. One relevant characteristic of such calibration curves is their nonlinearity, even over small The repeatability of the method was evaluated from 10 repetitions for each iodide concentration. The relative standard deviation (RSD) for the blank was 1.1%; the RSD for a standard of 10 µg/L was 3.6%; and the RSD for a standard of 100 µg/L was 0.69%.The detection limit was calculated as 3 times the standard deviation of 10 peaks for the blank solutions; the value as interpolated from the calibration graph was approximately 3 µg/L.
Interferences may appear in the analysis of real samples with matrixes that are more complex than natural waters. To solve this problem, a standard addition linear curve for a medicament (ELIXIFILIN), Berlex Laboratories, Inc., USA was plotted along with the calibration curve ( Figure 4) ; a slight modification of the slope was observed, which implied a matrix effect. Table 3 shows the results of analyses of 2 pharmaceutical products (ELIXIFILIN and HIDROPOLIVIT) MINERAL, Laboratories Menarini, Barcelona, Spain), which contained iodide in the form of potassium iodide, and drinking water spiked with iodide at 30 µg/L. The results obtained agreed reasonably well with the declared values.
Conclusion
The proposed method has shown good repeatability together with a low detection limit. The latter can be improved by adjusting the operating conditions, increasing the temperature to >45°C, and increasing the elapsed time in the reaction coil. Interferences are a severe problem in analyses of pharmaceuticals and drinking water. Chloride is the most relevant interfering ion, and determinations (of iodide in seawater or iodized salt) in the presence of this ion are impossible. For the pharmaceutical samples and the natural waters analyzed in this study, the presence of chlorides was not particularly relevant, and reasonable results were obtained. 
